Peunia Aybrida pollen exhibits divergent transport m ms for pymidine nocleosides. Uridine and cytidine show all the properties of being actively trsported, a nucleoside tramport mechaism not hitherto reported in plant cells. Contrasting with this, thymidine trnsport has the properties of a nonactive, camrier-mediated system. Reo for these different mechanisms are considered to lie in the hig demand for uridine and cytidine, obined perhaps from stylar tissue, for the biosynthetic reactin of the pollen tube, while thymidine demand is lower due to the absence of DNA replication in germinating Petuia polle.
Gene expression and RNA synthesis in pollen can be followed by incorporation of labeled uridine into RNA (13, 19) , while pollen DNA repair is monitored by labeled tymidine incorporation into DNA (8) (9) (10) . In addition it has been reported that the pool of these and other nucleic acid precursors increase in the style of Petunia hybrida after pollination (20) , and since pollen and pollen tube interact closely with stylar tissue in Petunia (17) , then the style could be a good source of nucleic acid and nucleotide precursors for the biosynthetic reactions of the elongating pollen tube. There is a need therefore to understand the uptake of these precursors by pollen since the incorporation of nucleoside precursors in other biological systems is limited by the rate of entry into the cell (1, 3, 16, 19) . Pollen cultures also provide us with a convenient system for studying the mechanism ofpyrimidine nucleoside transport in plant cells, for comparison with other cells. The mechanism ofpyrimidine nucleoside transport varies according to the organism, having been shown to be active in certain bacterial cells (4, 14, 15) and nonactive, carriermediated in animal cells (11, 17, 18, 22) . However, in these cases it has either been shown or inferred that all nucleosides are tansported by a similar mechanism in any particular cell. Little is known about nucleoside transport in plant cells; a simple diffusion mechanism has been proposed for all pyrimidine nucleosides in Euglena (21) while Suss and Tupy (19) have shown that the uridine uptake system is saturable in tobacco pollen. We find here that uridine and cytidine are transported by an active process into Petunia pollen, and thymidine by a nonactive carrier-mediated system. 
MATERIAIS AND METHODS
Petunia hybrida pollen, clone W166H, was germinated using a method described previously (8, 23 (9) showed that all the radioactivity was present as pyrimidine nucleoside'or nucleotide. Efflux was measured by resuspending washed cells, already subjected to 30 min transport, in transport medium containing the agent to be tested. After 30 min, radioactivity was determined in pollen and medium. All radioactivity was determined by liquid scintillation counting in a Packard Tricarb 460 CD liquid scintillation system with external standardiztion. Statistical analysis of kinetics data was carried out by the method of Cleland (2) and energy of activation was calculated from the Arrhenius plot. Inhibitor or antagonist was present at specified concentrations dunng transport; an ethanol control was carried out when investigating metabolic inhibitors because these inhibitors were dissolved in ethanol. Control rates oftransport for uridine, cytidine, and thymidine were 425.6 ± 16.9, 189.2 ± 4.7, and 24.3 ± 1.2 pmol/mg fresh weight. h, respectively, for the inhibitor and antagonist studies.
RESULTS
As shown previously for uridine in tobacco pollen (19) , our studies on the effect ofnucleoside concentration on the transport ofuridine, cytidine, and thymidine indicated that the pyrimidine nucleoside tansport system in Petunia pollen is saturable. The Km for each nucleoside is shown in Table I ; the value we obtained for uridine is similar to that reported for tobacco pollen (19) .
Although all three nucleosides have a similar Ki, it can be seen from the maximal velocities (Table I ) that transport ofthymidine is considerably slower than that of uridine and cytidine, being only 6.7% and 12.5% of these, respectively. Each of the pyrimidine nucleosides were able to inhibit the transport of any other (Table II) . Unlike the animal (22) and bacterial (15) pyrimidine nucleoside systems, transport in Petunia pollen was inhibited only slightly by the purine nucleoside adenosine (Table II) . Likewise, guanosine, which is an effective inhibitor ofthe animal When we tested the effect of the ATPase inhibitors DCCD' and NBD-Cl on the pollen transport system, further differences between thymidine and the other two pyrimidine nucleosides became apparent. Both these reagents inhibited uridine and cytidine transport, and were without effect on thymidine transport (Table II) . Preincubation of pollen for 1 h with DCCD or NBD-C1 did not affect thymidine transport, but increased inhibition of uridine transport by a further 20%. We concluded that uridine and cytidine are taken up in pollen by an active transport system similar to that already described for some bacteria (4, 14, 15) , while thymidine transport is a nonactive process. This was further supported by the observation that the proton translocators (uncouplers) CCCP and DNP were also effective inhibitors of uridine and cytidine transport in Petunia pollen (Table II) , and had a minimal effect on thymidine uptake.
These metabolic inhibitors did not increase efflux of label, as compared to controls, after 30 min resuspension in the presence of inhibitors. We conclude therefore that these compounds inhibit transport of uridine and cytidine by affecting energy metabolism rather than by altering membrane integrity under the conditions of our experiment. An investigation of the effect of temperature showed that thymidine transport in Petunia pollen has an activation energy of 42.0 W mol-' 'K- (Table I) , a value which is significantly higher than would be obtained ifthymidine was transported by a simple diffusion mechanism (5) as in Euglena (21) . We infer then, that thymidine transport proceeds by a nonactive, saturable, carrier-mediated process.
DISCUSSION
If the result of this difference in the mechanism of transport between the pyrimidine nucleosides is the more rapid transport of uridine and cytidine compared with thymidine as observed in Petunia pollen, then it is not difficult to seek an explanation for this expenditure ofenergy on active uptake ofthe two nucleosides concerned. Pollen is a highly differentiated tissue, its primary function being to deliver the gametes to the ovule through a rapidly synthesized pollen tube which has to interact with and make its way through stigma and style (12) . Uridine 
